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(54) Portable image scanner with optical position sensors 



(57) An imaging device (10) may comprise an 
image head (24) having an elongate slot (38) therein 
with first and second lengthwise ends (52, 54). The 
image head (24) may also include a first navigation sen- 
sor aperture (42) and a second navigation sensor aper- 
ture (44) positioned adjacent the elongate slot (38) at 
positions other than positions that are aligned with the 
first and second lengthwise ends (52, 54) of the elon- 
gate slot (38). An image sensing system (34) optically 
aligned with the elongate slot (38) in the image head 
(24) is responsive to image light (40) passing through 
the elongate slot (38) and produces an image signal 
based on the image light (40). A first navigation sensor 
(48) optically aligned with the first navigation sensor 
aperture (42) in the image head (24) is responsive to 
first navigation light (46) passing through the first navi- 
gation sensor aperture (42) and produces a first naviga- 
tion data signal based on the first navigation light (46). 
A second navigation sensor (50) optically aligned with 
the second navigation sensor aperture (44) in the image 
head (24) is responsive to second navigation light pass- 
ing through the second navigation sensor aperture (44) 
and produces a second navigation data signal based on 
the second navigation light. 
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Description 
Field of Invention 

[0001] This invention relates to hand-hekJ imaging 
devices in general and more specifically to hand-held 
imaging devices having "navigation" systems for deter- 
mining the position of the hand-held imaging device with 
respect to the object being imaged. 

Background 

[0002] Imaging devices, such as optical scanners, are 
well-known in the art and produce machine-readable 
image data signals that are representative of a scanned 
object, such as a photograph or a page of printed text. 
In a typical scanner application, the image data signals 
produced by an optical scanner may be used by a per- 
sonal computer to reproduce an image of the scanned 
object on a suitable cfisplay device, such as a CRT or a 
printer. 

[0003] A hand-held or portable optical scanner is an 
optical scanner which is designed to be moved by hand 
across the object or document being scanned. The 
hand-held scanner may be connected directly to a sep- 
arate computer by a data cable. If so, the data signals 
produced by the hand-held scanner may be transferred 
to the separate computer "on the fly." i.e., as the image 
data are collected. Alternatively, the hand-scanner may 
include an on-board data storage system for storing the 
image data. The image data may then be downloaded 
to a separate computer after the scanning operation by 
any convenient means, such as via a cable or an optical 
infrared data link. 

[0004] Hand-held or portable optical scanners are 
well-known in the art and various components thereof 
are disclosed in U.S. Patent No. 5.552,597 of McConica 
for "Hand-Held Scanner having Adjustable Light Path", 
U.S. Patent No. 5.586,212 of McConica. et al.. for "Opti- 
cal Wave Guide tor Hand-Held Scanner." U.S. Patent 
No. 5.381.020 of Kbchis, et al., for "Hand-Held Optical 
Scanner with Onboard Battery Recharging Assembly,' 
and U.S. Patent No. 5.306,908 of McConica. et a/., for 
"Manually Operated Hand-Held Optical Scanner with 
Tactile Speed Control Assembly," all of which are 
hereby incorporated by reference for all that they dis- 
close. 

[0005] A typical hand-held optical scanner may 
include illumination and optical systems to accomplish 
scanning of the object. The illumination system illumi- 
nates a portion of the object (commonly referred to as a 
"scan region"), whereas the optical system collects light 
reflected by the illuminated scan region and focuses a 
small area of the illuminated scan region (commonly 
referred to as a "scan line") onto the surface of a photo- 
sensitive detector positioned within the scanner. Image 
data representative of the entire object then may be 
obtained by sweeping the scan line across the entire 



object, usually by moving the hand-held scanner with 
respect to the object. By way of example, the illumina- 
tion system may include a light source (e.g., a fluores- 
cent or incandescent lamp or an array of light emitting 

5 diodes (LEDs)). TTie optical system may include a lens 
and/or mirror assembly to focus the image of the illumi- 
nated scan line onto the surface of the detector. Alterna- 
tively, a "contact image sensor" or CIS may be used to 
collect and focus light from the illuminated scan region 

70 onto the detector 

[0006] The photosensitive detector used to detect the 
image light focused thereon by the optical system may 
be a charge-coupled device (CCD), although other 
devices may be used. A typical CCD may comprise an 

15 array of individual cells or "pixels," each of which col- 
lects or buikJs-up an electrical charge in response to 
exposure tq light. Since the quantity of the accumulated 
electrical charge in any given cell or pixel is related to 
the intensity and duration of the light exposure, a CCD 

20 may be used to detect light and dark spots on an image 
focused thereon. 

[0007] One type of hand-held scanner device may 
include a position sensing or "navigation" system for 
determining the position of the hand-held scanner with 

25 respect to the object being scanned. Essentially, such 
position sensing systems allow the scanner to correlate 
its position with respect to the object being scanned. 
The position correlation allows a complete image of the 
scanned object to be produced even though the scan- 

30 ner may not scan the entire object during a single pass 
or "swipe." For example, if two or more swipes of the 
object are required to scan the entire object, then the 
position correlation provided by the navigation system 
will allow the various portions of the scanned image 

35 data to be "stitched" together to form a single unitary 
image representative of the entire scanned object. 
[0008] One type of navigation system utilizes a pair of 
optical sensors to detect certain inherent structural fea- 
tures (eg., surface roughness, paper fber orientation, 

40 etc.) contained on the object being scanned (e.g.. a 
sheet of paper with text or images thereon). Examples 
of the foregoing type of navigation system are disclosed 
in U.S. Patent No. 5,089.712 of Holland for "Sheet 
Advancement Control System Detecting Fiber Pattern 

45 of Sheet." and U.S. Patent No. 5,578.813 of Allen, eta!.. 
for "Freehand Image Scanning Device which Compen- 
sates for Non-Linear Movement." both of which are spe- 
cifically incorporated herein by reference for all that they 
disclose. 

so [0009] While such navigation systems are known and 
are being used, they are not without their disadvan- 
tages. For example, significant problems can arise if the 
user is careless with the operation of the scanner and 
allows one or more of the navigation sensors to move 

55 past the edge of the object (e.g.. document) being 
scanned. If this happens, the navigation system will lose 
track of its position, which usually prevents the image 
processing system from properly stitching together the 
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various image portions to form a whole. Another prob- 
lem associated with navigation systems of the type 
desabed above it that rt is often difficult for the user to 
ascertain precisely the location of the bounds of the 
scan line due to the positions of the optical navigation 
sensors, which are located at either end of the scan line. 
Consequently, the user often times fails to provide suffi- 
cient overlap of the scanning swipes, which again, can 
make it difficult or impossible for the scanner control 
system to stitch together the various image portions to 
form the unitary whole. 

[0010] Consequently, a need exists for hand-held 
imaging device having a navigation system that does 
not suffer from the disadvantages associated with cur- 
rently existing navigation systems. 

Summary 9* the Invention 

[0011] An imaging device may comprise an image 
head having an elongate slot therein with first and sec- 
ond lengthwise ends. The image head may also include 
a first navigation sensor aperture and a second naviga- 
tion sensor aperture positioned adjacent the elongate 
slot at positions other than positions that are aligned 
with the first and second lengthwise ends of the elon- 
gate slot An image sensing system optically aligned 
with the elongate slot in the image head is responsive to 
image light passing through the elongate slot and pro- 
duces an image signal based on the image light A f irst 
navigation sensor optically aligned with the first naviga- 
tion sensor aperture in the image head is responsive to 
first navigation light passing through the first navigation 
sensor aperture and produces a first navigation data 
signal based on the first navigation light A second nav- 
igation sensor optically aligned with the second naviga- 
tion sensor aperture in the image head is responsive to 
second navigation light passing through the second 
navigation sensor aperture and produces a second nav- 
igation data signal based on the second navigation light 
[0012] Also disclosed is a method lor calculating a 
spaced -distance separating the first and second navi- 
gation areas. The method comprises the steps of: 
selecting a maximum navigation offset; determining a 
radius of a navigation error circle associated with a first 
navigation area; and selecting the spaced -distance sep- 
arating the first and second navigation areas to be 
about equal to or greater than the product of the length 
of the elongate scan line and the radius of the f irst nav- 
igation error circle divided by the maximum navigation 
offset. 

Brief Description of the Drawing 

[0013] llustrative and presently preferred embodi- 
ments of the invention are shown in the accompanying 
drawing in which: 

Figure 1 is a perspective view of a portable image 



scanner having an optical positioning system 
according to the present invention; 
Figure 2 is a front view in elevation of the portable 
image scanner shown in Figure 1 ; 
5 Figure 3 is an elevation view of the contact surface 
of the image head of the portable image scanner 
showing the position of the two navigation aper- 
tures; 

Figure 4 is a cross-section view in elevation of the 
10 image head of the portable image scanner taken 
along the line 4-4 of Figure 3; 
Figure 5 is a schematic representation of the scan 
line and navigation sensor geometry that may be 
used to determine a spaced-di stance separating 
is two navigation areas; and 

Figure 6 is a flow diagram illustrating the method 
according to the present invention for determining 
the spaced-distance separating the navigation sen- 
sors. 

20 

Detailed Description of the Invention 

[0014] A portable image scanner 1 0 having a naviga- 
tion system 12 is shown in Figure 1 as rt could be used 

25 to scan an object 14. such as a document 16 with writ- 
ten text 18 provided thereon. As will be explained in 
greater detail below, the navigation system 12 associ- 
ated with the portable image scanner 10 allows the 
scanner 10 to scan documents of nearly any size, 

30 regardless of the size of the portable image scanner 10. 
For example, m the application illustrated in Figure 1, 
the entire document 16 may be scanned by moving the 
portable image scanner 10 over the document 16 along 
a meandering or curvilinear scanning path 20. The 

35 meandering or curvilinear scanning path 20 may be 
thought of as defining one or more scanning passes or 
"swipes." Image data representative of the entirety of 
the scanned document 16 may then be obtained by 
stitching together the various image data pieces 

40 acquired by the scanner 10 during each swipe of the 
document 16. The various image data pieces are 
stitched together based on position or navigation infor- 
mation provided by the navigation system 12. 
[0015] Referring now primarily to Figures 2-4, the 

45 portable image scanner 10 may comprise a main body 
portion 22 having an image head portion 24 associated 
therewith. In one embodiment the image head portion 
24 may comprise a separate component that is 
attached to the main body 22. The main body 22 of port- 
so able image scanner 1 0 may be sized to receive the var- 
ious electronic components and other devices (not 
shown) required for the operation of the portable image 
scanner 10 For example, in addrtion to housing the var- 
ious electronic components (not shown) required for the 

55 operation of the portable image scanner 10. the main 
body portion 22 may also be provided with a display 
device 26 and various buttons or switches 28, 30, and 
32, to control the function and operation of the image 
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scanner 10. The main body 22 may also be sized to 
receive a suitable power source, such as a battery (not 
shown), fa providing electrical power to the portable 
image scanner 10. 

[001 6] The image head portion 24 of portable image 
scanner 10 may be configured to receive an image 
sensing system 34 and the navigation system 12, as 
best seen in Figure 4. The face or contact surface 36 
(Figure 3) of the image head portion 24 may be pro- 
vided with an elongate aperture or slot 38 therein which 
allows image light 40 reflected by the illuminated scan 
region 80 (Figure 4) on the object 14 being scanned to 
be received by the image sensing system 34. The 
image sensing system 34 produces an image signal 
(not shown) based on the image light 40. Image data 
contained in the image signal (not shown) may then be 
processed or manipulated by an image processing sys- 
tem (not shown) to produce image data that is repre- 
sentative of the object 1 4. 

[0017] As mentioned above, the image head portion 
24 may also be provided with a navigation system 12 
which produces a navigation data signal (not shown) 
indicative of the position of the portable image scanner 
10 with respect to the object 14 being scanned. The 
navigation data signal (not shown) produced by the nav- 
igation system 12 may be used by the image processing 
system (not shown) as a guide to stitch together the 
image data contained in the image signals acquired dur- 
ing the various swipes to form image data that is repre- 
sentative of the entirety of the scanned object 14. In one 
preferred embodiment the navigation system 12 may 
comprise a navigation system of the type shown and 
described in U.S. Patent No. 5.578.813 of Allen etal. for 
"Freehand Image Scanning Device which Compensates 
for Non-Linear Movement" which is hereby incorporated 
by reference for all that it discloses. 
[0018] Referring specifically now to Figures 3 and 4, 
the navigation system 12 may include first and second 
navigation sensor apertures 42 and 44 and first and 
second navigation sensors 48 and 50. As used herein, 
the term "aperture" refers to a hole or opening in the 
contact face 36 of the image head portion 24 through 
which navigation light passes. The navigation sensor 
apertures 42 and 44 define respective navigation areas 
(e.g.. navigation area 88 shown in Figure 4) on the 
object 14 being scanned and allow navigation light 46 
reflected by the navigation area (e.g., area 88) on the 
object 14 to be received by the respective first and sec- 
ond navigation sensors 48 and 50. The first and second 
navigation sensors 48 and 50 produce respective first 
and second navigation data signals that are indicative of 
the position of the portable image scanner 10 with 
respect to the object 14 being scanned. 
[0019] The navigation system 12 utilized in one pre- 
ferred embodiment of the present invention differs from 
the navigation system shown and described in the 
above-referenced U.S. Patent No. 5.578.813 in that nav- 
igation sensor apertures 42 and 44 are positioned so 



that the navigation areas defined thereby are not gener- 
ally aligned with the elongate scan line. Instead, the 
navigation system 12 utilized in the present invention is 
configured so that the navigation areas (e.g.. navigation 
5 area 88) that are sensed by the navigation sensors 48, 
50 are located at positions other than positions that are 
aligned with the elongate scan line. While it was thought 
to be generally advantageous to locate the navigation 
areas at either end of the elongate scan line, as is llus- 
w trated in U.S. Patent No. 5,578,813, it has been discov- 
ered that this need not be the case and that the 
navigation areas may be placed at locations other than 
locations that are adjacent either end of the scan line so 
long as certain factors are considered and accounted 
i 5 for, as will be explained below. 

[0020] Referring specifically now to Figure 3, the nav- 
igation senior apertures 42 and 44 may be laterally cfis- 
placed from the axis 56 connecting the first and second 
lengthwise ends 52 and 54 of the elongate slot 38 by a 
20 distance W. The navigation sensor apertures 42 and 44 
may also be moved together somewhat so that they are 
separated by a spaced -distance D that is generally less 
than the length L of the elongate scan line 58 (Figure 5) 
defined by the elongate slot 38. Accordingly, unlike the 
25 configuration shown and described in U.S. Patent No. 
5.578.813. the navigation sensing areas (e.g.. sensing 
area 88) sensed by the first and second navigation sen- 
sors 48 and 50 are not located at positions that are gen- 
erally aligned with the first and second lengthwise ends 
30 52 and 54 of the elongate slot 38. 

[0021 ] In one preferred embodiment, the first and sec- 
ond navigation sensors 48 and 50 are essentially 
aligned with the first and second apertures 42 and 44. 
See Figure 4. Consequently, the first and second navi- 
35 gation sensors 48 and 50 may be thought of as being 
positioned at approximately the same locations as the 
first and second apertures 42 and 44, respectively, at 
least with regard to the spaced-distance D and the lat- 
eral distance W. However, as will be discussed in 
40 greater detail below, this need not necessarily be the 
case if an optical coupling system (e.g., a fiber optic 
light transmission system, a light ppe. or a mirror sys- 
tem) is used to transmit navigation light 46 to the vari- 
ous navigation sensors 48 and 50. If such an optical 
45 coupling system is used, the first and second navigation 
sensors 48 and 50 may be placed at any convenient 
locations within the image head 24. Alternatively, the 
first and second navigation sensors 48 and 50 may even 
be placed within the main body portion 22 of the porta- 
50 bte image scanner 10. 

[0022] In accordance with the foregoing considera- 
tions. H should be noted that the terms "location" or 
"position," when used in the context of the first and sec- 
ond navigation sensors 48 and 50. refer to the locations 
55 of the respective sensing areas (e.g.. sensing area 88) 
monitored by the sensors 48 and 50, and not necessar- 
ily the locations of the actual navigation sensors 48 and 
50. That is, it is the locations of the sensing areas that 
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are detected or monitored by the navigation sensors 48 
and 50 that are important in achieving the objects and 
advantages of the present invention and not necessarily 
the locations of the navigation sensors 48 and 50 them- 
selves- In one preferred embodiment, the sensing areas 5 
(ag.. sensing area 88) are defined by the first and sec- 
ond apertures 42 and 44. 

[0023] A method 60 for determining the spaced-dis- 
tance D separating the navigation sensors 48 and 50 
(i.e., the first and second navigation areas) is best 10 
understood by referring to Figures 5 and 6. Essentially, 
Figure 5 is a schematic representation of a scan line 58 
"sensed" or detected by the imaging system 34 con- 
tained in the image head 24. The scan line 58 has a 
length L that is essentially identical to the length L of the 15 
elongate slot 38 in the contact face 36 of the image 
head 24. Actually, in most practical applications the 
length of the elongate slot 38 will be slightly longer than 
the length L of the scan line 58 to ensure that the 
entirety of the scan line L is detected by the imaging 20 
system 34. Accordingly, as used herein, the length L 
refers to the length of the scan ine 58, as opposed to 
the length of the elongate slot 38, which may be some- 
what longer. Also, for convenience in explaining the 
method 60 of determining the spaced-distance D sepa- 25 
rating the navigation sensors 48 and 50. the first and 
second navigation sensors 48 and 50 may be regarded 
as being located at respective positions 48* and 50' on 
scan line 58, as shown in Figure 5. However, in practice, 
the first and second navigation sensors 48 and 50 are 30 
displaced from the scan line 58 by a lateral distance W 
(Figure 3). as wifl be explained in greater detail below. 
[0024] The first step 62 in the method 60 for determin- 
ing the spaced-distance D is to select a maximum navi- 
gation offset value. As will be explained in greater detail 35 
below, the maximum navigation offset value is used by 
the image processing system (not shown) to stitch 
together the image data collected during the various 
"swipes" of the portable image scanner 10 as it is 
moved along the meandering or curvilinear scanning 40 
path 20 (Figure t). The maximum navigation offset 
value may be expressed in units of pixels, although con- 
ventional length units (e.g.. millimeters, microns, etc.) 
may also be used. 

[0025] The next step 66 in the method 60 is to deter- 45 
mine a radius R of a navigation error circle 68 associ- 
ated with each navigation sensor 48 and 50. Essentially, 
the navigation error circle 68 represents the position 
error likely to be expected based on a predetermined 
displacement of the portable image scanner 10 across so 
the object 14. The radius R of the navigation error circle 
68 may be in units of pixels, although conventional 
length units may also be used. 
[0026] The spaced-distance D separating the two nav- 
igation sensors 48 and 50 is then calculated at step 70. 55 
Essentially, the spaced-distance D should be selected 
so that it is about equal to or greater than the product of 
the length L of the elongate scan line 58 and the radius 



R of the navigation error circle 68 divided by the maxi- 
mum navigation offset value. Expressed mathemati- 
cally: 

~ Max. Navigation Offset Value 



[0027] Another consideration in locating the first and 
second navigation sensors 48 and 50 relates to the 
positions of any "non-navigable" artifacts likely to be 
encountered on the object 14 being scanned. For exam- 
ple, if the object 1 4 most likely to be scanned comprises 
a document 16 having a plurality of holes 72 contained 
in the left-hand margin, such as the type commonly 
used to allow the document 16 to be held by a 3-ring 
binder, then it is preferable that the navigation sensors 
48 and 50 be located so that they are not likely to pass 
over such holes 72 during normally expected scanning 
swipes. As will be explained in greater detail below, the 
calculated spaced-distance D is generally sufficient to 
locate the first and second navigation sensors 48 and 
50 at positions so that they are not likely to pass over 
such holes 72 when the first and second navigation sen- 
sors 48 and 50 are centered with respect to the center 
point 74 of the scan line 58. See Figure 5. 
[0028] The portable image scanner 10 may be oper- 
ated as follows to scan an object 14. such as a docu- 
ment 1 6 with written text 1 8 thereon. As a first step, the 
user (not shown) would set-up or initialize the portable 
image scanner 1 0 to perform the scanning operation by 
actuating the appropriate buttons or switches (e.g., 28, 
30, and 32) in accordance with the particular opera- 
tional sequence for the specific scanner device 10. The 
user may then place the contact surface or face 36 of 
the scanner 10 against the document 16 and initiate the 
scanning operation. In order to capture the entire con- 
tents of the document 16, the user may deem it neces- 
sary to move the portable image scanner 10 over the 
document 16 in a meandering or curvilinear scanning 
path 20. The meandering or curvilinear scanning path 
20 may define one or more scanning "swipes." The 
image data produced by the imaging sensing system 34 
on each of the scanning swipes may be tagged" with 
corresponding navigation or position data to form "posi- 
tion tagged" image data. The position tagged image 
data may thereafter be stitched together by the image 
processing system (not shown) to form combined image 
data that is representative of the entirety of the scanned 
document 16. 

[0029] A significant advantage of the present invention 
is that the location and spacing of the navigation sensor 
apertures 42 and 44 are such that the navigation areas 
(e.g.. area 88) sensed by the navigation sensors 48, 50 
minimizes the chances that either one or both of the 
navigation sensors 48, 50 will lose navigational contact 
with the object 14 being scanned. For example, if the 
object 14 being scanned comprises a document 16 with 
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written text 1 8 printed thereon, the location and spacing 
of the navigation sensor apertures 42 and 44 substan- 
tially reduces the likelihood that the user will inadvert- 
ently move the portable image scanner 1 0 in such a way 
that one or both of the navigation sensor apertures 42, 
44 wtH move off the edge of the document 1 6. The loca- 
tion and spacing of the navigation sensor apertures 42 
and 44 also minimizes the chances that one or both of 
the apertures 42, 44 will pass over a non-navigable arti- 
fact in the document 16, such as one or more of the 
holes 72 which may allow the document 16 to be 
attached to a three-ring binder. 
[0030] Yet another advantage associated with the 
present invention is that arrangement of the first and 
second navigation sensor apertures 42 and 44 allows 
the elongate slot 38. thus scan line 58. to extend nearly 
to the opposite ends of the contact surface 36 of the 
image head 24. This geometry provides the user with a 
more intuitive feel fa the locations of the ends of the 
scan line 58. thereby reducing the likelihood that the 
user will fail to scan to the edge of the document 16 
being scanned. The more intuitive feel as to the bounds 
of the scan line 58 also makes it easier for the user to 
provide a satisfactory degree of overlap on the various 
scanning swipes. 

[0031] Having briefly described the portable image 
scanner 10 according to the present invention, as well 
as some of its more significant features and advan- 
tages, the various embodiments of the portable image 
scanner 10 will now be described in detail. However, 
before proceeding with the description, it should be 
noted that while the portable image scanner 10 is 
shown and described herein as H may be used to scan 
an object 14, such as a document 16 with written text 18 
thereon, it is not limited to use with any particular type of 
object 14. Indeed, the portable image scanner 10 may 
be used to scan almost any type of object imaginable. 
Also, it is possible to move the portable image scanner 
10 over the object 14 being scanned in essentially an 
infinite number of varying meandering or curvilinear 
scanning paths. Consequently, the present invention 
should not be regarded as limited to being moved over 
the particular meandering scanning path 20 shown and 
described herein. 

[0032] With the foregoing considerations in mind, one 
preferred embodiment of a portable image scanner 10 
is shown in Figure 1 as it may be used to scan an object 
14, such as a document 16 with written text 18 thereon. 
The portable image scanner 10 may be provided with a 
navigation system 12 which produces a navigation sig- 
nal (not shown) indicative of the position of the portable 
image scanner 10 with respect to the object 14 being 
scanned. The navigation system 12 allows the portable 
image scanner 10 to scan an object 14 of nearly any 
size by merely moving the portable image scanner 10 
along a meandering or curvilinear scanning path 20 so 
that the scanner 10 passes over substantially the 
entirety of the portion of the object 14 that is to be 



scanned. The meandering path 20 may be thought of as 
defining a plurality of scanning "swipes." Image data 
(not shown) collected by the portable image scanner 1 0 
during each of the scanning swipes thereafter may be 

5 stitched together by an image processor (not shown) 
with the aid of navigation data provided by the naviga- 
tion system 12 to provide image data representative of 
the entirety of the scanned object 14. 
[0033] Referring now to Figures 2-4, the portable 

10 image scanper 10 may include a main body portion 22 
and an image head portion 24. The main body portion 
22 may comprise an overall configuration or shape con- 
ducive to hand manipulation by a user (not shown), 
although other conf igurations may be used. In one pre- 

15 f erred embodiment, the main body portion 22 may be 
sized to receive the various electronic components (not 
shown) required for the operation of the portable image 
scanner 10. Alternatively, some or all of the various 
electronic components may be located elsewhere and 

20 may be connected to the main body portion 22 by a suit- 
able link, such as a tether (not shown). The main body 
portion 22 may also be provided with a display system 
26 and various switching devices 28, 30, and 32 that 
may be required or desired for the operation of the port- 

25 able image scanner 10. While the switching devices 28. 
30, and 30 in one preferred embodiment are located on 
the front face of the main body portion 22. they may be 
located at any convenient position on the portable 
image scanner 10. The electrical power required to 

30 operate the portable image scanner 1 0 may be provided 
by a suitable electrical power source, such as a battery 
(not shown), that may also be contained within the main 
body portion 22 of portable image scanner 10. However, 
since the various electronic components, display 

35 devices, switching devices, and batteries that may be 
required or desired for use in a particular portable 
image scanner are well-known in the art and since 
descriptions of the various components are not required 
to understand or practice the present invention, the var- 

40 ious components, e.g. electronic components (not 
shown), display device 26. switching devices 28, 30. 
and 32, etc.. utilized in one preferred embodiment of the 
present invention will not be described in further detail 
herein. 

45 [0034] Referring now primarily to Figures 3 and 4, the 
image head portion 24 may comprise a separate 
assembly that is attached to the main body portion 22. 
Alternatively, the image head portion 24 may comprise 
an integral part of the main body portion 22. In any 

so event the image head portion 24 may be sized to 
receive the image sensing system 34 and the naviga- 
tion system 12. Essentially, the image sensing system 
34 produces an image signal (not shown) representa- 
tive of a scan line 58 (Figure 5) on the object 14 being 

55 scanned and may comprise any of a wide variety of 
imaging systems now known or that may be developed 
in the future that are suitable for producing image data 
relating to portions of the object 1 4 being scanned. Con- 
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sequently. the present invention should not be regarded 
as limited to any particular type of imaging system. 
However, by way of example, the imaging system 34 uti- 
lized in one preferred embodiment of the invention may 
comprise an illumination system 76 for directing light 78 5 
onto the object 14 being scanned. The light 78 passes 
through the elongate slot 38 provided on the contact 
face 36 of image head portion 24. Accordingly, the light 
78 produced by the illumination system 76 illuminates a 
scan region 80 on the object 14 that generally corre- w 
sporxls to the size and shape of the elongate slot 38. An 
imaging system 82 directs image light 40 reflected by 
the iBurninated scan region 80 on the object 14 to a 
detector array 84. The detector array 84 produces an 
image signal (not shown) that is related to the image 15 
light 40. 

[0035] The various components of the imaging sens- 
ing system 34 may comprise any of a wide range of 
components and devices that are well-known in the art 
For example, in one preferred embodiment the illumina- 20 
tion system 76 may comprise an array of light emitting 
diodes (LEDs) which produce light 78 of a brightness 
that is sufficient to illuminate the scan region 80 on the 
object 14 being scanned. Alternatively, other types of 
light sources, such as incandescent or fluorescent Tight 25 
sources, could also be used. It is preferred, but not 
required, that the imaging system 82 used to direct and 
focus the image light 40 onto the surface of the detector 
84 comprise a contact image sensor, such as a contact 
image sensor of the type sold under the name SELFOC 30 
which is a registered trademark of the Nippon Sheet 
Qass Company, Limited. Alternatively, other types of 
imaging systems, such as projection imaging systems, 
could also be used. The detector 84 may comprise a 
CCD array having a resolution of 300 dpi (dots per inch), 35 
such as type TS105, available from Texas Instruments. 
Inc. of Austin, TX. Alternatively, other types of detectors 
having other resolutions could also be used. 
[0036] The navigation system 12 may also be housed 
within the image head portion 24 of the portable image 40 
scanner 10. In one preferred embodiment the naviga- 
tion system 12 may comprise a navigation system of the 
type shown and described in U.S. Patent No. 5,578,813, 
which has been incorporated herein by reference. 
Essentially, the navigation system 1 2 may comprise first 45 
and second navigation sensors 48 and 50 which view or 
monitor corresponding first and second navigation 
areas (e.g. navigation area 88 (Figure 4)) via respective 
first and second navigation sensor apertures 42 and 44 
(Figure 3). Since each navigation sensor 48 and 50 is so 
essentially identical, only the first navigation sensor 48 
will be described herein. 

[0037] Referring now primarily to Figure 4. the first 
navigation sensor 48 may comprise a light source 86 for 
illuminating a navigation area 88 defined by the first ss 
navigation sensor aperture 42. A lens 90 focuses navi- 
gation light 46 reflected by the illuminated navigation 
area 88 onto the solace of a two-dimensional detector 



array 92. The two-dimensional detector array 92 pro- 
duces a first navigation data signal related to the navi- 
gation light 46. Essentially, then, the two-dimensional 
detector array 92 is responsive to inherent structural 
features on the object being scanned. As used herein, 
the term Inherent structural features" refers to those 
features of the object 14 being scanned that are charac- 
teristic of the object 14 and are independent of forming 
image data and/or systematic registration data on the 
object 14, Fa example, rf the object 14 being scanned 
comprises a paper document 16. the inherent structural 
features of interest may be paper fibers. As another 
example, if the object comprises a glossy document or 
an overhead transparency film, then the inherent struc- 
tural features of interest may comprise specular reflec- 
tion fields produced by the iluminated navigation area 
88. In any event the navigation data signal (not shown) 
produced by the twoKlimensional detector 92 is related 
to inherent structural features of the object 14. 
[0038] The various components just described that 
comprise the navigation system 12 may comprise any 
of a wide range of components shown and descrfced in 
U.S. Patent No. 5.578.813, referred to above. For exam- 
ple, in one preferred embocfiment the light source 86 
may comprise a light emitting diode positioned so that 
light produced thereby is incident on the object at a 
-grazing" angle which may be in the range of about 5 
degrees to about 30 degrees (the grazing angle is the 
complement of the angle of incidence). Alternatively, the 
tight could be incident at substantially normal angles if 
specular fields are to be detected. 
[0039] The two-cfimensional detector array 92 may 
comprise a two-dimensional CCD array having dimen- 
sions of 48 by 48 pixels and having a resolution of about 
600 dpi. Alternatively, arrays having different sizes 
and/or resolutions could also be used. However, since 
the navigation system and method tor detecting and 
processing navigation data relating to the inherent 
structural features contained on the object 14 being 
scanned are described in great detail in U.S. Patent No. 
5,578,813, and since the details associated wrth the 
foregoing devices and processes are not required to 
understand or practice the present invention, the navi- 
gation system 12 and method for detecting and 
processing navigation data that may be used in one pre- 
ferred embodiment of the invention will not be described 
in further detail herein. 

[0040] As was described above, the spacing and posi- 
tioning of the navigation areas (e.g.. navigation area 88) 
detected by the navigation sensors 48 and 50 are 
important in achieving the objects and advantages 
associated with the present invention. More specifically, 
it is important that the navigation areas be located at 
positions other than positions that are aligned with the 
first and second lengthwise ends 52 and 54 of the elon- 
gate slot 38 (eg., scan ine 58). For example, in the 
embodiment shown in Figure 3. the navigation sensor 
apertures 42 and 44 are laterally displaced from the 
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confutations. Trus latter correlation is referred to herein 
as a "macrostep ." By using macrosteps. a more precise 
determination of scanner displacement across a dis- 
tance ol m image frame displacements (i.e., m micro- 
steps) can be obtained. In one preferred embodiment, a 
macrostep comprises 12 microsteps, although a greater 
or fewer number of microsteps could be used. In the 
example described herein, a macrostep composes 
twelve (12) 600 dpi pixels or about 0.508 mm. 
[0048] The navigation data may be used to clock the 
image sensing system 34 to generate a scan line of 
image data at periodic intervals. Each time the image 
sensing system 34 is docked, the image data produced 
thereby is tagged with the corresponding navigation 
data to form position tagged image data. The position 
tagged image data from different image swipes may be 
thereafter stitched together using the navigation data 
attached thereto to make the necessary correlations. 
However, some overlap of the image data from consec- 
utive swipes is necessary, since the navigation correc- 
tion is calculated by correlating features within the 
overlapping areas. The overlapping areas comprise rec- 
tangular image segments and are referred to herein as 
registration tiles 94 See Figure 5. A registration tile 94 
may be thought of as existing at each end of the elon- 
gate scan line 58. although only one registration tile 94 
is shown in Figure 5. 

[0049] Consider, for example, a situation involving a 
registration tile 94 obtained on a first swipe. Image data 
collected on a second swipe may also be provided with 
a registration tile 94'. If the navigation data were perfect, 
there would be no offset between the first registration 
tile 94 and the second registration tile 94'. That is, the 
second registration tile 94' would be perfectly aligned 
with the first registration tile 94. More realistically, how- 
ever, some navigation error will have accumulated since 
the last registration was performed which will cause the 
second registration tile 94 to be offset or displaced 
somewhat with regard to the first registration tile 94. 
This condition is illustrated in Figure 5. The offset 
between the first and second registration tiles 94 and 
94' may be used to produce a correlation factor which 
may then be used to update future navigation position 
tags in order to minimize the total accumulated error. In 
this way, the total accumulated error in the navigation 
data is prevented from growing so large that it intro- 
duces an obvious distortion in the region of the swipe 
overlap. 

[0050] Generally speaking, it is desired to limit the 
amount of offset that is allowed to produce the correla- 
tion factor for two registration tiles (e.g., 94 and 94> A 
first reason for limiting the amount of offset relates to the 
processing speed and capacity of the navigation 
processing system. That is, the greater the offset that is 
allowed to be correlated, the greater the number of cal- 
culations that may be required before the correlation is 
found. A second reason lor limiting the offset is that 
large navigation offsets may result in "false correla- 



tions," i.e., a correlation being found where there is no 
correlation in fact. Consequently, a maximum navigation 
offset value should be selected that is commensurate 
with the foregoing considerations. In one preferred 

5 embodiment, the maximum navigation offset value is 
selected to be ten (10) 600 dpi pxeis (i.e., about 0.4233 
mm). In another embodiment, the maximum navigation 
offset value may be selected to be eighteen (18) 600 dpi 
pixels (i.e., about 0.762 mm). Alternatively, other maxi- 

70 mum navigation offset values may be used. 

[0051] The maximum navigation offset may be 
thought of as defining an area or region 64 that is 
slightly larger than the registration tile 94. Then, if the 
second registration tile 94' is contained within the region 

is 64. then the offset will be less than or equal to the max- 
imum navigation offset value. The region 64 is larger 
than th^ registration tile 94 in the x- and y-directions by 
the maximum navigation offset value. That is, if the 
maximum navigation offset is selected to be about ten 

20 (10) 600 dpi pixels, then the region 64 is larger than the 
registration tile 94 in the x-direction by 10 pixels and 
also in the y -direction by 10 pixels. 
[0052] Proceeding now with the description, the first 
step 62 in the method 60 for determining the spaced- 

25 distance D is to select the maximum navigation offset 
value described above. The maximum navigation offset 
may be expressed in units of pixels, although conven- 
tional length units (e.g., millimeters, microns, etc.) may 
also be used. As mentioned above, in one preferred 

30 embodiment, the maximum navigation offset may be 
selected to be about ten (10) 600 dpi pixels or about 
0.4233 mm. In an alternative embodiment, the maxi- 
mum navigation offset may be about eighteen (18) 600 
dpi pixels or 0.762 mm. 

35 [0053] The next step 66 in the method 60 is to deter- 
mine a radius R of a navigation error circle 68 associ- 
ated with each navigation sensor 48 and 50. Essentially, 
the navigation error circle 68 represents the position 
error likely to be expected based on a predetermined 

40 displacement of the portable image scanner 10 across 
the object 14. The racfius R of the navigation error circle 
68 may be in units of pixels, although conventional 
length units may also be used. 
[0054] The radius R of the navigation error circle 68 

45 may be determined as follows. Generally speaking, 
turning around the portable image scanner 10 at the 
end of the document 16 and re-locating the registration 
tiles 94 is the most challenging part of the navigation 
process. In the example shown and described herein, 

50 the total length of this movement may be estimated to 
be about 15 2 cm (12 7 cm over and 2.5 cm up), 
although other lengths are possible depending on the 
particular environment in which the portable image 
scanner 10 is expected to be used. The estimated 

55 length set forth above corresponds to 3600 microsteps 
or 300 macrosteps (rf there are 12 microsteps per mac- 
rostep). 

[0055] The radius R of the navigation error circle 68 
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may be calculated by multiplying the square root of the 
number of macrosteps in the longest expected move- 
ment by the error likely to occur with each macrostep 
By way of example, assuming and expected movement 
of about 300 macrosteps and a nominal error of about 
1/4 pixel (600 dpi, or about 0.01 1 mm) per macrostep, 
the radius R of the navigation error circle 68 in one pre- 
ferred embodiment is approximately (V300)(l/4 pixel) or 
about 4.33 pixels (600 dpi) or about 0. 1 83 mm. 
[0056] Having determined the maximum navigation 
offset and the radius R of the navigation error circle 68, 
the spaced-distance D separating the two navigation 
sensors 48 and 50 is then calculated at step 70. Essen- 
tially, the spaced-distance D should be selected so that 
it is about equal to or greatef than the product of the 
length L of the elongate scan line 58 and the radius R of 
the navigation error circle 68 divided by the maximum 
navigation offset. Expressed mathematically: 



Max. Navigation Offset Value 

[0057] By way of example, in one preferred embodi- 
ment wherein the length L of the elongate scan line 58 
is about 127 mm, the spaced-distance D should be 
greater than or equal to [(127){4.33)]/10 or about 55 
mm. This represents the minimum spaced-distance D 
that should separate the two navigation position sen- 
sors 48 and 50 (actually the distance separating the 
navigation areas (e.g., 88) sensed by the navigation 
position sensors 48 and 50). ft is generally preferred, 
but not required, that the first and second navigation 
position sensors 48 and 50 be centered about the 
center point 74 of the scan line 58, as best seen in Fig- 
ure 5. 

[0058] Another consideration in locating the first and 
second navigation sensors 48 and 50 relates to the 
positions of any "non -navigable" artifacts that may be 
expected to present on the object 14 to be scanned. For 
example, rf the object 14 most likely to be encountered 
comprises a document 16 having a plurality of holes 72 
contained in the left-hand margin, such as the type com- 
monly used to allow the document 1 6 to be held by a 3- 
ring binder, then it is preferable that the navigation sen- 
sors 48 and 50 be located so that they are not likely to 
pass over such holes 72 during normally expected 
scanning swipes. In accordance with this consideration, 
it was found that the minimum spaced-distance D could 
be increased in one preferred embodiment from the cal- 
culated value of 55 mm to about 76 mm. This increased 
spaced-distance D is generally increases the accuracy 
of the position tagged image data while at the same 
time being sufficient to locate the first and second navi- 
gation sensors 48 and 50 at positions not likely to pass 
over such holes 72 even rf the user sweeps the portable 
image scanner 10 along a path 20 that makes about a 
45° angle with the long edge 96 of the document 16 



See Figure 1. 

[0059] The two navigation sensors 48 and 50 may 
also be displaced laterally from the central axis 56 of 
scan line 58 by a lateral spacing W, as best seen in Fig- 

5 ure 3. The lateral spacing W may be any of a wide range 
of values, keeping in mind that larger lateral spacings W 
will tend to adversely affect the accuracy of the position 
tagged image data. Accordingly, it is generally preferred 
that the lateral spacing W be kept as small as possible 

w By way of example, in one preferred embodiment, the 
lateral spacing W is about 8 mm 
[0060] The portable image scanner 10 may be oper- 
ated as follows to scan an object 14, such as a docu- 
ment 16 with written text 18 thereon. As a first step, the 

is user (not shown) would set-up or initialize the portable 
image scanner 1 0 to perform the scanning operation by 
actuating tfje appropriate switches (e.g.. 28, 30, and 32) 
in accordance with the particular operational sequence 
for the specific scanner device 10. The user may then 

20 place the contact surface or face 36 of the scanner 10 
against the document 16 and initiate the scanning oper- 
ation. In order to capture the entire contents of the doc- 
ument 16, the user may deem it necessary to move the 
portable image scanner 10 over the document 16 in a 

25 meandering or curvilinear scanning path 20. The mean- 
dering or curvilinear scanning path 20 may define one 
or more scanning "swipes." The image data produced 
by the imaging sensing system 34 on each of the scan- 
ning swipes may be "tagged" with corresponding navi- 

30 gation data to produce positioned tagged image data. 
The position tagged image data may thereafter be 
stitched together by the image processing system (not 
shown) to form combined image data representative of 
the entirety of the scanned document 16. However, 

35 since the processes of correlating the image and navi- 
gation data to stitch together the image data are dis- 
cussed, at length, in U.S. Patent No. 5,578,813, the 
correlating and stitching processes that may be utilized 
in one preferred embodiment of the present invention 

40 will not be described in further detail herein. 

[0061 ] tt is contemplated that the inventive concepts 
herein described may be variously otherwise embodied 
and it is intended that the appended claims be con- 
strued to include alternative embodiments of the inven- 
ts tion except insofar as limited by the prior art. 

Claims 

1. An imaging device (10), comprising: 

so 

an image head (24) having an elongate slot 
(38) therein having first and second lengthwise 
ends (52. 54), said image head (24) also 
including a first aperture (42) and a second 
55 aperture (44) positioned adjacent the elongate 

slot (38) at positions other than positions that 
are aligned with the first and second lengthwise 
ends (52, 54) of the elongate slot (38); 
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axis 56 connecting the first and second lengthwise ends 
52 and 54 of the elongate slot 38 by a distance W. The 
navigation sensor apertures 42 and 44 are also sepa- 
rated by a spaced-distance D that is generally less than 
the length L of the elongate scan line 58 (Rgure 5) 
defined by the elongate slot 38. Accordingly, unlike the 
configuration shown and described in US. Patent No 
5,578,813, the navigation sensing areas (e.g., sensing 
area 88) monitored by the first and second navigation 
sensors 48 and 50 in the present invention are not 
located at positions that are generally aligned with the 
first and second lengthwise ends 52 and 54 of the elon- 
gate slot 38. 

[0041 ] The first and second navigation sensors 48 and 
50 in one preferred embodiment are essentially aligned 
with the first and second apertures 42 and 44. See Fig- 
ure 4. Consequently, the first and second navigation 
sensors 48 and 50 may be thought of as being posi- 
tioned at approximately the same locations as the first 
and second apertures 42 and 44, respectively, at least 
with regard to the spaced -oS stance D and the lateral dis- 
tance W. However, this need not necessarily be the 
case. For example, if an optical coupling system (e.g.. a 
ftoer optic light transmission system, a light pipe, or a 
mirror system) is used to transmit navigation light 46 to 
the various navigation sensors 48 and 50, then the first 
and second navigation sensors 48 and 50 may be 
placed at any convenient location within the image head 
24 or may even be placed within the main body portion 
22 of the portable image scanner 10. Consequently, it 
should be remembered that it is the locations of the nav- 
igation sensing areas (e.g., area 88) which, in one 
embodiment are defined by the first and second aper- 
tures 42 and 44, that are important in achieving the 
objects and advantages of the present invention, and 
not the locations of the actual sensors 48 and 50, which 
may be located almost anywhere, particularly if an opti- 
cal coupling system is used. 

[0042] The method 60 for determining the spaced-dis- 
tance D separating the navigation sensors 48 and 50 
(i.e., the first and second navigation areas) is best 

understood by referring to Figures 5 and 6. Figure 5 is a 
schematic representation of the scan line 58 that is 
"sensed** or detected by the imaging system 34 con- 
tained in the image head 24. The scan line 58 has a 
length L that is essentially identical to the length L of the 
elongate slot 38 in the contact face 36 of the image 
head 24. it should be remembered, however, that in 
most practical applications, the length of the elongate 
slot 38 will be slightly longer than the length L of the 
scan line 58 to ensure that the entirety of the scan line L 
is detected by the imaging system 34 Accordingly, as 
used herein the length L refers to the length of the scan 
line 58. as opposed to the length of the elongate slot 38 
which may be somewhat longer. Also, for convenience 
in explaining the method 60 of determining the spaced- 
distance D separating the navigation sensors 48 and 
50, the first and second navigation sensors 48 and 50 



may be considered as being located at respective posi- 
tions 48* and 50' on scan line 58. as shown in Figure 5. 
However, in practice, tie first and second navigation 
sensors 48 and 50 are displaced from the scan line 58 
5 by a lateral distance W (Figure 3) 

[0043] Before continuing with the detailed description 
of the method 60 for determining the spaced-distance 
D. it is useful to briefly explain some of the detaffs relat- 
ing to how the image processing system (not shown) 
w uses the navigation data to correlate the image data col- 
lected on the various swipes. While the details are fully 
described in U.S. Patent No. 5.578.813, referred to 
above and incorporated herein by reference, they are 
summarized below for convenience 
is [0044] In one preferred embodiment, the navigation 
data provided by the navigation system 12 may com- 
prise rectilinear (e g ., x-y) position data indicative of the 
positions of the two navigation areas (e.g.. area 88) 
sensed by the respective navigation sensors 48 and 50. 
20 Since the positions of the two navigation areas are 
known (and fixed) with respect to the elongate scan line 
58, the navigation data is also indicative of the location 
of the elongate scan line 58 with respect to the object 1 4 
being scanned. Accordingly, the image processing sys- 
25 tern (not shown) may use the navigation data to fit 
together the various image data portions collected by 
the image sensing system 34 to form unified image data 
representative of the entirety of the scanned object 14. 
[0045] In one implementation, each navigation sensor 
30 48. 50 is sampled at periodic intervals referred to herein 
as sampling intervals. Stated another way. a "picture" or 
sample frame is taken of the inherent structural features 
of the object 14 once every sampling interval. A naviga- 
tion system (not shown) correlates each sample frame 
35 to produce a map or history of the movement of the 
portable image scanner 10 over the object 14. The 
frame-to-frame correlations are referred to herein as 
"microsteps." Put in other words, a microstep is the dis- 
tance that the portable image scanner 10 moves 
4c between two consecutive sample frames. 

[0046] It is generally preferred that the sampling inter- 
val dt be made sufficiently short so that there is consid- 
erable overlap between two consecutive sample frames 
for the highest expected scanner translation speed. In 
45 one embodiment, it is preferred that a microstep should 
be no larger than about one (1) pixel (e.g.. a 600 dpi 
pixel H that is the resolution of the two dimensional nav- 
igation sensor array). Alternatively, microsteps having 
other lengths may also be used. By way of example, if 
so the maximum expected scanning speed is about 53 
cm/sec and the length of a microstep is about one (1) 
600 dpi pixel (about 0.042333 mm), then the sampling 
interval dt should be about 80 >is or so Alternatively, of 
course, other sampling intervals dt may be used. 
55 [0047] As is discussed in the foregoing U.S. Patent, it 
is generally preferred that "random walk" error be 
reduced by storing a sample frame in a separate mem- 
ory location for use in a subsequent series of correlation 
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an image sensing system (34) responsive to 
image light (40) reflected by an object (14) 
being scanned and producing an image signal 5. 
based on the image light (40), said image sens- 
ing system (34) being optically coupled to the 5 
elongate slot (38) in said image head (24) so 
that image light (40) passing through the elon- 
gate slot (38) is received by said image sensing 
system (34); 

a first navigation sensor (48) responsive to first w 
navigation light (46) reflected by the object (14) 
being scanned and producing a first navigation 
data signal based on the first navigation light 
(46), said first navigation sensor (48) being 
optically coupled to the first aperture (42) in is 
said image head (24) so that first navigation 
light (46) passing through the first aperture (42) 
is received by said first navigation sensor (48); 6. 
and 

a second navigation sensor (50) responsive to 20 
second navigation light reflected by the object 
(14) being scanned and producing a second 
navigation data signal based on the second 
navigation fight said second navigation sensor 7. 
(50) being optically coupled to the second 25 
aperture (44) in said image head (24) so that 
second navigation light passing through the 
second aperture (44) is received by said sec- 
ond navigation sensor (50). 

30 8. 

2. The imaging device (10) of claim 1, wherein the first 
and second apertures (42, 44) in said image head 
(24) are positioned a spaced-distance (D) apart, 
the spaced-distance (D) being less than a distance 

(L) separating the first and second lengthwise ends 35 9. 
(52, 54) of the elongate slot (38) in said image head 
(24). 

3. The imaging device (10) of claims 1 or 2, wherein 
said image sensing system (34) comprises a con- 40 
tact image sensor (82) having a length extending 
substantially between the first and second length- 
wise ends (52, 54) of the elongate slot (38) in said 
image head (24). 

45 

4. The imaging device (10) of claims 1, 2, or 3, 
wherein each of said first and second navigation 
sensors (48, 50) comprise: 

an illumination system (86) for directing light so 
onto the object (14) being scanned; 10. 
a two dimensional array (92) of optical sensor 
elements; and 

a focusing system (90) positioned between 
sad two dimensional anay (92) of optical sen- ss 
sor elements and the object (14) for collecting 
and focusing light (46) reflected by the object 
(14) being scanned onto said two dimensional 



array (92) of optical sensor elements 

The imaging device (10) of claims 1 , 2, 3, or 4, fur- 
ther comprising a processing system operativeiy 
associated with said image sensing system (34), 
said first navigation sensor (48), and said second 
navigation sensor (50), said processing system 
being responsive to the image signal and to the first 
and second navigation data signals, said process- 
ing system transforming said image signal based 
upon relative movement between said image sens- 
ing system (34) and the object (14) being scanned 
as determined by the first and second navigation 
data signals produced by said first and second nav- 
igation sensors (48, 50) to produce a transformed 
image data signal. 

The imaging device (10) of claims 1. 2, 3, 4, or 5, 
wherein the first and second navigation light 
reflected by the object (14) being scanned includes 
information relating to inherent structural features 
on the object (14) being scanned. 

The imaging device (10) of claims 1, 2, 3, 4, 5, or 6, 
wherein the length (L) of the contact image sensor 
(82) is about 127 mm and wherein the spaced-dis- 
tance (D) separating the first and second apertures 
(42, 44) is about 76 mm 

The imaging device (1 0) of claims 1,2,3, 4, 5, 6, or 
7, wherein the first and second apertures (42, 44) 
are laterally displaced from the elongate slot (38) by 
a distance of about 8 mm. 

A method (60) for determining a spaced-distance 
(D) separating a first navigation area (88) and a 
second navigation area based on a length (L) of an 
elongate scan line (58), comprising the steps of: 

selecting a maximum navigation offset; 
determining a radius (R) of a navigation error 
circle (68) associated with the first navigation 
area (88); and 

selecting the spaced-distance (D) separating 
the first and second navigation areas to be 
about equal to or greater than the product of 
the length (L) of the elongate scan line (58) and 
the radius (R) of the navigation error circle (68) 
divided by the maximum navigation offset. 

An imaging device (10), comprising: 

a generally elongate image sensing system 
(34) having first and second lengthwise ends 
(52, 54), said generally elongate image sens- 
ing system (34) being responsive to image light 
(40) reflected by an object (14) being scanned 
and producing an image signal based on the 
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image light (40); 

a navigation sensor (48) positioned a spaced- 
distance from said generally elongate image 
sensing system (34) at a position other than 
positions adjacent and aligned with the first and 5 
second lengthwise ends (52, 54) of said gener- 
ally elongate image sensing system (34), said 
navigation sensor (48) producing a navigation 
signal indicative of the position of said gener- 
ally elongate image sensing system (34) with ic 
respect to the object (14) being scanned; and 
a processing system cperatively associated 
with said generally elongate image sensing 
system (34) and said navigation sensor (48) 
and responsive to the image signal and the is 
navigation signal, said processing system 
transforming said image signal based upon rel- 
ative movement between said generally elon- 
gate image sensing system (34) and the object 
(14) being scanned as determined by the navi- 20 
gation signal produced by said navigation sen- 
sor (48) to produce a transformed image data 
signal 
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